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DESCRIPTION 
TRANSPARENT ELECTRODE 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a transparent 
electrode provided with stability capable of preventing any 
degradation due to ion-containing moistures, while being kept 
acid-proof and alkali-proof. 

DESCRIPTION OF THE RELATED ART 

Conventionally, in semiconductor light emitting devices 
such as LED , and liquid crystal, the electrode is formed, 
for emitting a light from an electrode side, of a transparent 
material to allow light to transmit through the transparent 
electrode and exit it (for example, refer to related art 
document 1 below). ZnO, which is material as the transparent 
electrode, is subject to erosion by acid and alkali, and thus 
may cause loss of a reliability of the electrode under the 
influence of ion-containing moistures. Moreover, when 
employed as a white light source utilizing an emission of LED, 
a semiconductor light emitting device is covered with an 
epoxy resin mixed with a fluorescent material. 

In Fig 4 there is shown an arrangement of a light emitting 
device module as a conventional white light source. In Fig 4, 
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a reference numeral 51 refers to a semiconductor light 
emitting device, 52 refers to an epoxy resin, 53 refers to a 
module substrate and 54 refers to moisture. As shown in Fig. 
4, the entire semiconductor light emitting devices 51, which 
is mounted on the module substrate 53 of the light emitting 
device module, is covered with the epoxy resin 52. The 
fluorescent material mixed with the epoxy resin 52 is excited 
by emission from the semiconductor light emitting devices 51 
and thus emits white light. However, the moisture is liable 
to penetrate the epoxy resin 52 so that when any moisture 
contained inside the epoxy resin 52 or the moisture 54 from 
the outside penetrates, or in particular, the moisture 54 
contains ions, it exhibits acidity or alkalinity, thus, as 
the case may be, resulting in an erosion of a ZnO transparent 
electrode employed for the semiconductor light emitting 
device. It is probably assumed that a high ionization 
tendency of Zn causes said phenomenon. 

[RELATED ART DOCUMENT 1] 
Japanese patent laid-open publication 11-70610, (Fig. 3, page 
3-4) 

SUMMARY OF THE INVENTION 

In order to solve such a problem, the object of the 
invention is to provide a transparent electrode film provided 
with stability capable of preventing any degradation due to 
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penetration of ion-containing moistures. 

The inventor has discovered that doping ZnO, which is 
employed as a transparent electrode of a light emitting 
device, with Mg leads to a greatly improved acid resistance. 
In Fig. 1, an experimental result of a measured acid 
resistance of Mg- doped ZnO transparent electrodes with a 
doped-Mg amount as parameter is shown. In Fig. 1, a 
horizontal axis shows etching time, a vertical axis shows an 
etching depth, and a parameter of Mg shows weight % of the Mg 
to be doped to ZnO. In this experiment, the etching depth was 
measured by dipping the ZnO transparent electrode into an 
acid liquid with a volume ratio of a 35% concentration 
hydrochloric acid to water of 1:100. Fig. 1 shows that the 
etching depth decreases to one fourth or less as compared 
with the non-Mg doped transparent electrode, when doping Mg 
of 12mol% or more. This also indicates that the Mg-doped ZnO 
can prevent any degradation of reliability due to ion- 
containing moistures . 

Then, in order to accomplish the object mentioned above, 
the invention provides a transparent electrode made up of ZnO 
as its main material, wherein its surface is covered with a 
Mg-doped ZnO film. 

According to the invention, in the transparent 
electrode, an acid-resistance can be increased and any 
degradation of reliability due to ion-containing moistures 



4 



can be prevented, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph illustrating measured acid resistance of 
Mg-doped ZnO on which the present invention is based. 
Fig. 2 is a view showing an arrangement of an embodiment in 
which the invention is applied to a GaN system semiconductor 
light emitting device, and explaining a ZnO transparent 
electrode wherein a top surface is covered with a Mg-doped 
ZnO film. 

Fig. 3 is a view showing an arrangement of an embodiment in 
which the invention is applied to a GaN system semiconductor 
light emitting device, and explaining a ZnO transparent 
electrode wherein surfaces are covered with a Mg-doped ZnO 
film. 

Fig. 4 is a view explaining an arrangement of a conventional 
light emitting device module employed as a white light source. 

[REFERENCE NUMERALS] 

11: Mg-doped ZnO film 

12: ZnO transparent electrode 

13: metal pattern 

14: metal electrode 

15: Sapphire substrate 

20: GaN system semiconductor layer 
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21: p type GaN system semiconductor layer 
22: emission layer 

23: n type GaN system semiconductor layer 

DETAILED DESCRIPTION OF THE INVENTION 

Hereafter embodiments of the present invention will be 
described with reference to accompanying drawings . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
EMBODIMENT 1: 

A first embodiment of the invention is shown in Fig. 2. 
Fig. 2 is an embodiment of a GaN system semiconductor light 
emitting device to which the invention is applied. In Fig. 2, 
11 is a Mg-doped ZnO film, 12 is a ZnO transparent electrode, 
13 is a metal pattern, 14 is a metal electrode, 15 is a 
sapphire substrate, 21 is a p type GaN system semiconductor 
layer, 22 is an emission layer, 23 is an n type GaN system 
semiconductor layer, and 20 is a GaN system semiconductor 
layer which includes the p type GaN system semiconductor 
layer 21, the emission layer 22, and the n type GaN system 
semiconductor layer 23. In the present invention, the GaN 
system semiconductor layer refers to a semiconductor layer, 
which includes at least one layer of In p Ga q Al r N (p+q+r=l, p^O, 
q^O, r^O). 

In such a GaN system semiconductor light emitting 
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device, first of all, the n type GaN system semiconductor 
layer 23 is formed on the top surface of the sapphire 
substrate 15 with MOCVD (metal organic chemical vapor 
deposition) method and the like. It is suitable that the n 
type GaN system semiconductor layer 23 is contained of an n 
type GaN and a GaN buffer layer. The n type GaN system 
semiconductor layer 23 may be formed with ELO (Epitaxial 
Lateral Overgrowth) . The emission layer 22 is formed on the 
top surface of the n type GaN system semiconductor layer 23. 
The emission layer 22 consists of In x Gai_ x N (0^x<l) or/and 
AlyGai- y N (0^y<l). Moreover, the emission layer 22 may be in 
the form of a multi-quantum well structure of In x Gai_ x N/GaN (0 
^Sx<l) by adjusting the ratio of In and Ga, or a multi-quantum 
well structure of Al y Gai _ y N / GaN (0^y<l) by adjusting the ratio 
of aluminum and Ga. Furthermore, a multi- quantum well 
structure of In p Ga q Al r N/GaN (p+q+r=l, p^O, q^O, r^O) may as 
well be realized by adjusting the ratio of In, Ga and 
aluminum. Moreover, a layer consisting of an n type Al y Gai-yN 
(0^y<l) may be formed on the n type GaN system semiconductor 
layer 23 side of the emission layer 22, or a layer consisting 
of Al y Gai-yN (0^y<l) may be formed on the p type GaN system 
semiconductor layer 21 side of the emission layer 22. 

Next, the p type GaN system semiconductor layer 21 is 
formed on the top surface of the emission layer 22. After 
having formed the ZnO transparent electrode 12 on the top 
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surface of the p type GaN system semiconductor 21, a part of 
the ZnO transparent electrode 12, the p type GaN system 
semiconductor layer 21, the emission layer 22, and the n type 
GaN system semiconductor layer 23 is removed by etching, 
respectively. The n type GaN system semiconductor layer 23 is 
etched down to the midway of the layer thereof. Next, the Mg- 
doped ZnO film 11 is formed, and then the metal electrode 14 
is formed on the top surface of the exposed n type GaN system 
semiconductor layer 23, and the metal pattern 13 is formed on 
the top surface of the Mg-doped ZnO film 11 with an 
evaporation method or a sputtering method. 

Or after having formed the p type GaN system 
semiconductor layer 21 on the top surface of the emission 
layer 22, a part of the p type GaN system semiconductor layer 
21, the emission layer 22, and the n type GaN system 
semiconductor layer 23 is removed by etching, respectively. 
The n type GaN system semiconductor layer 23 is etched down 
to the midway of the layer thereof . Next , the ZnO transparent 
electrode 12 is formed on the top surface of the p type GaN 
system semiconductor layer 21, and furthermore, on the top 
thereof, the Mg-doped ZnO film 11 is formed. The metal 
electrode 14 is formed on the top surface of the exposed n 
type GaN system semiconductor layer 23, while the metal 
pattern 13 is formed on the top surface of the Mg-doped ZnO 
film 11 with the evaporation method or the sputtering method. 
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The above-mentioned Mg-doped ZnO film 11 is formed with 
a sputtering method by using a target of a baked compound of 
mixed MgO and ZnO powders, an ion plating method and the like. 
Moreover, an evaporation method similar to a molecular beam 
epitaxial method, which provides metal Mg and metal Zn having 
been heated by a heater as a molecular beam, and provides 
oxygen using an RF radical cell, may also provide the same. 

Moreover, as for the material, which constitutes the 
metal pattern 13, either of Al, Ti, Cr, Ni, Cu, Mo, Pd, W, Pt, 
or Au, or an alloy of these metals is as well available. The 
metal pattern includes a metal pad for bonding. 

If the ZnO transparent electrode is covered with the 
Mg-doped ZnO film as described according to the embodiment, 
the Mg-doped ZnO film and the ZnO transparent electrode can 
be prevented from being eroded by moisture. Because Mg-doped 
ZnO has the same light transmittance and conductivity as ZnO, 
light emitted from a portion of the GaN system semiconductor 
layer transmits through the Mg-doped ZnO film, and then the 
conductivity between the metal pattern 13 formed on the Mg- 
doped ZnO film 11 and the ZnO transparent electrode 12 is 
also secured. 

According to the embodiment, although the GaN system 
semiconductor layer 20 is formed on the top surface of the 
sapphire substrate 15, the GaN system semiconductor layer 20 
may be formed on a conductive substrate in place of the 
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sapphire substrate 15. Moreover, although the embodiment in 
which the transparent electrode is formed on the top surface 
of the GaN system semiconductor layer 20 has been described, 
the invention may be applicable not only to GaN system 
semiconductor layers but to semiconductor layers like those 
constituting semiconductor light emitting devices, and 
furthermore to devices which form a ZnO transparent electrode 
such as electronic devices including a liquid crystal. 

EMBODIMENT 2: 

A second embodiment of the invention is shown in Fig. 3. 
Fig. 3 is an embodiment of a GaN system semiconductor light 
emitting device to which the invention is applied. In Fig. 3, 
11 is a Mg doped ZnO film, 12 is a ZnO transparent electrode, 
13 is a metal pattern, 14 is a metal electrode, 15 is a 
sapphire substrate, 21 is a p type GaN system semiconductor 
layer, 22 is a emission layer, 23 is an n type GaN system 
semiconductor layer, and 20 is a GaN system semiconductor 
layer which includes the p type GaN system semiconductor 
layer 21, the emission layer 22, and the n type GaN system 
semiconductor layer 23. 

As for material, which constitutes the metal pattern 13, 
either of Al, Ti, Cr, Ni, Cu, Mo, Pd, W, Pt, or Au, or an 
alloy of these metals is as well available. The metal pattern 
includes a metal pad for bonding. 
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A point of a difference exists between the second 
embodiment and the first embodiment in that not only the top 
surface of the ZnO transparent electrode 12 but also the side 
surface thereof are covered with the Mg-doped ZnO film 11. 
Such a GaN system semiconductor light emitting device can be 
manufactured by the same process as the first embodiment. 

As shown in Fig. 3, because not only the top surface of 
the ZnO transparent electrode 12 but the side surface thereof 
are covered with the Mg-doped ZnO film 11, the Mg-doped ZnO 
film 11 and the ZnO transparent electrode 12 can be prevented 
more effectively from being eroded by moisture, while 
ensuring light transmittance and conductivity. Moreover, when 
forming a metal pattern on the Mg-doped ZnO film 11 by 
etching, the Mg-doped ZnO film 11 and the ZnO transparent 
electrode 12 can be protected based upon further improvements 
of an acid resistance. 

According to the embodiment, although the GaN system 
semiconductor layer 20 is formed on the top surface of the 
sapphire substrate 15, the GaN system semiconductor layer 20 
may be formed on a conductive substrate in place of the 
sapphire substrate 15. Moreover, although the embodiment in 
which the transparent electrode is formed on the top surface 
of the GaN system semiconductor layer 20 has been described, 
the invention may be applicable not only to GaN system 
semiconductor layers but to semiconductor layers like those 
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constituting semiconductor light emitting devices, and 
furthermore to devices which form a ZnO transparent electrode 
such as electronic devices including a liquid crystal. 
[Effect of the Invention] 

As described above, according to the invention, there can be 
achieved a transparent electrode, provided with stability 
capable of preventing any degradation due to penetration of 
ion-containing moistures, while being kept acid-proof and 
alkali-proof. 



